,5 , the DESIR Study Group 6 Systolic and diastolic blood pressure (SBP; DBP) increase with age, but after 45 years of age, the yearly change in DBP (DDBP) tends to be smaller in comparison with the yearly change in SBP (DSBP), which increases with age. The effect of the metabolic syndrome (MetS) on this yearly change has never been explored. In a 9-year longitudinal cohort Data from an Epidemiologic Study on the Insulin Resistance syndrome (DESIR) study, we examined 1308 men and 1325 women, aged 30-65 years, who had never been treated for hypertension. SBP and DBP were measured at four examinations 3 years apart, and pulse pressure (PP) and yearly changes (DSBP, DDBP and DPP) were calculated. SBP and PP increased with age to a higher degree in patients with the MetS. In men and women with the MetS, DBP remained nearly constant, but in those without the MetS, DBP increased. After adjusting for baseline values, DSBP and DPP increased by 0.5 mm Hg per year for every additional 10 years from baseline. These correlations with age were similar for men and women, and the yearly change was always higher than in those with the MetS. In contrast, DDBP increased very slowly until 50 years of age and then decreased similarly for those with and without the MetS. The increase in PP with age, a marker of vascular aging, was determined to begin earlier in the present study than has been shown in the past, and the MetS amplified this effect. This new aspect of the MetS might modify clinical management leading to earlier drug treatment, particularly in regard to both endothelial dysfunction and increased arterial stiffness. Hypertension Research (2011) 34, 91-97; doi:10.1038/hr.2010.180; published online 7 October 2010 Keywords: aging; arterial stiffening; blood pressure; epidemiology; metabolic syndrome
INTRODUCTION
The metabolic syndrome (MetS), a major risk factor for cardiovascular (CV) morbidity and mortality, is defined by three or more of the following clinical characteristics: abdominal obesity, hyperglycemia, high blood pressure, hypertriglyceridemia and hypo-high-density lipoprotein-cholesterolemia. 1, 2 Increased aortic stiffness, one of the major mechanical factors predicting CV risk, 2 has been identified in individuals with the MetS. 2, 3 The level of arterial stiffness, and particularly its rate of progression with age, is proportional to the number of CV risk factors involved in the diagnosis of the syndrome. 3 In CV pathology, increased aortic stiffness with age is partly responsible for both an increase in aortic systolic blood pressure (SBP) and a decrease in diastolic blood pressure (DBP), which are the two main hemodynamic characteristics of hypertension in the elderly. 2, 4 Whereas high SBP is associated with cardiac hypertrophy, low DBP contributes to coronary ischemia. Thus, both factors contribute to the prevalence of CV events and are of major importance in the prognosis of the MetS.
The Data from an Epidemiologic Study on the Insulin Resistance syndrome (DESIR) cohort included 45200 men and women aged 30-65 years. Participants were evaluated every 3 years for a total of 9 years of follow-up. 1, 5 In this French study, high blood pressure was the most frequent abnormality of those with the MetS: 70% in men and 47% in women at inclusion. 1 From this long-term survey, it is possible to evaluate not only the mean values of SBP, DBP, mean blood pressure (MBP¼SBP/3+2/3 DBP) and pulse pressure (PP¼SBP-DBP) in successive age groups, but also the slope (yearly change) of the change in SBP, DBP and PP per unit year (DSBP, DDBP and DPP), in both men and women, according to age at baseline.
From DESIR and other investigations, [1] [2] [3] [4] [5] it has been shown that mean SBP and DBP increase progressively with age. At around 50-60 years of age, the mean values of SBP continue to increase with age, whereas the mean values of DBP tend to increase at a lower rate. We have recently shown that the yearly change in DBP, DDBP, occurs much earlier than changes in the level of DBP itself, that is, before the age of 50-60 years. 5 An important consequence of this observation might be that DDBP, and hence DPP, differs markedly in many pathological circumstances, such as in the MetS. This may help scientists to better understand vascular aging and the prevalence of CV events. Our working hypothesis is that such circumstances might occur in the MetS.
The goal of this analysis in the DESIR cohort was to investigate the relationship among SBP, DBP and PP as well as among DSBP, DDBP and DPP with age at baseline and to compare these correlations between individuals both with and without the MetS at baseline.
METHODS Participants
Between 1994 and 1996, 5212 participants were recruited from 10 health examination centers among volunteers insured by the French Social Security system, which offers periodic health examinations free of charge. 1, 5 The protocol was approved by the 'Comité Consultatif de la Protection des Personnes pour la Recherche Biomédicale' of Bicêtre Hospital, Paris, and participants signed an informed consent. This analysis included 1308 men and 1325 women who had never been treated with drugs for hypertension and who had blood pressures measured at baseline and three follow-up examinations.
Measures
Blood pressures were measured in the supine position after a 5-min rest. Both at inclusion and at the 3-year follow-up examinations, a mercury sphygmomanometer was used, and at the 6-and 9-year examinations, an OMRON HEM-705CP was used. According to the validation study of O'Brien et al., 6 this device measures SBP 2 mm Hg and DBP 1 mm Hg lower than a standard mercury sphygmomanometer. We have modified the corresponding blood pressures accordingly. Participants were lightly clad, and weight and height were measured to allow for calculation of body mass index (weight/height 2 (kg m À2 )). The waist was measured at the smallest circumference between the lower ribs and the iliac crests.
All biochemical measurements were from one of the four health center biological laboratories located in France at Blois, Chartres, La Riche or Orléans. Total cholesterol, high-density lipoprotein-cholesterol and triglycerides were assayed by DAX 24 (Bayer Diagnostics, Puteaux, France) or KONE (Evry, France). The fasting plasma glucose, measured by the glucose-oxidase method, was applied to fluoro-oxalated plasma using a Technicon RA100 (Bayer Diagnostics) or a Specific or Delta device (Konelab, Evry, France). The interlaboratory variability was assessed monthly with normal and pathological values for each biologic variable; the coefficients of variation for laboratories were o6% over the inclusion period.
Information about current smoking, alcohol intake and the use of drugs for hypertension were collected from self-administered questionnaires.
Definition of the MetS
The presence of the MetS was defined according to the National Cholesterol Education Program-Adult criteria 7 as three or more of the following characteristics:
waist circumference 4102/88 cm, men/women; fasting glucose X6.1 mmol l À1 or diabetic treatment; SBP X130 mm Hg and/or DBP X85 mm Hg; triglycerides X1.69 mmol l À1 ; high-density lipoprotein-cholesterol o1.04/1.29 mmol l À1 , men/women This definition does not include treatment for hypertension or lipids, and thus treatment for hypertension or hyperlipidemia does not add to the syndrome count. In addition, this definition was used to individually study the effect of each of the five syndrome components and their relationship with yearly changes in blood pressure.
Statistical methods
Each individual in our study was characterized by his age, SBP, DBP, MBP and PP at baseline, and by his yearly change in SBP, DBP, MBP and PP: DSBP, DDBP, DMBP and DPP in mm Hg per year. As indicated above, we included only participants for whom there were blood pressure measurements from all four examinations. The yearly change was calculated from the slope of a line drawn between blood pressure and age at baseline. Characteristics of the participants at inclusion and the yearly change in blood pressures were studied, according to sex and to the presence of the MetS at baseline (Tables 1 and 2 ). Outcomes were compared by t-and w 2 -tests; interaction tests for differences between genders used analysis of variance and logistic regression.
Pearson correlation coefficients were used to quantify the relationship between blood pressures and their yearly changes.
The mean SBP, DBP and PP at baseline and the yearly change in DSBP, DDBP and DPP were modeled by linear regression, separately for men and women, according to baseline age (as a continuous parameter) and the presence of the MetS. Likelihood ratio tests were used to determine whether the relationships with baseline age were linear or curvilinear, by the addition of a squared term in age. These relationships are shown graphically, with the modeled curve (either linear or quadratic with baseline age) and the observed data as points, and with standard errors by 5-year age groups (Figures 1 and 2) . We compared the relationship between groups with and without the MetS, using likelihood ratio tests; the regressions are shown in the figures with (1) separate curves or lines or with (2) a combined curve or line if they did not differ significantly according to the presence of the MetS. For the yearly change in blood pressures, adjustments were made for the corresponding mean baseline blood pressure in the study population. The effect of individual MetS components was judged by the modeled change in yearly blood pressures: DSBP, DDBP and DPP.
A change in the intercept point without any change in slope indicated a shift of the curve. A change in the slope indicated a change in the sensitivity of the system. Analyses used SAS Version 9.1 (SAS Institute, Cary, NC, USA).
RESULTS

Mean values of brachial SBP, DBP and PP at inclusion by age and sex
As expected, individuals with the MetS were older than those without, and all other parameters, with the exception of height in men and smoking and alcohol intake in women, comprised a worse profile in subjects with MetS than in those without the MetS at inclusion (Table 1) . There was a difference in the effect of the MetS between men and women (a significant interaction) for SBP, MBP and PP, but not for DBP, which demonstrated that the MetS had a larger effect in women than in men. Mean SBP increased linearly with age ( Figure 1 ) in both men and women and was significantly higher (Po0.0001) in individuals with MetS than without the MetS; there was a difference of 7 mm Hg for men, the same at all ages, and a difference of 14 mm Hg for women.
In subjects with the MetS, mean DBP was fairly constant with age, but in subjects without the MetS, mean DBP increased linearly in both men and women (Figure 1 ). DBP was significantly higher (Po0.0001) in those with MetS than in those without.
The mean PP increased curvilinearly with age ( Figure 1 ) and was similar for those with and without MetS. For men with MetS, PP was 6 mm Hg higher and for women it was 7 mm Hg higher; this was true for all ages.
Mean yearly change in DSBP, DDBP and DPP by age at inclusion and sex For men and women with the MetS, the yearly change in PP, DPP, was higher in comparison to those without the MetS, but there was no difference for DSBP, DDBP and DMBP (Table 2 ). After adjustment for the corresponding blood pressure at baseline, DSBP in both men and women with the MetS was significantly higher than those without MetS (Po0.01 and 0.04, respectively), and DPP was higher by 0.53 mm Hg per year in men and by 0.91 mm Hg per year for women (both Po0.0001) with MetS in comparison to those without.
The yearly changes in blood pressure were negatively correlated with baseline blood pressures, and the strongest correlations were for DBP. Pearson correlation coefficients between SBP and DSBP were À0.20 for men and À0.08 for women; for DBP and DDBP, Pearson coefficients were À0.38 and À0.36, respectively; and for PP and DPP, coefficients were À0.41 and À0.26, respectively. All values were statistically significant with Po0.0001.
DSBP increased linearly with baseline age for both men and women with and without the MetS. The yearly change was identical: 0.45 mm Hg per year for a 10-year difference from baseline age (Figure 2) . DSBP was 0.44 mm Hg per year higher in men with the MetS than in those without (Po0.0001) and 0.43 mm Hg per year higher in women with the MetS than in those without. In contrast, DDBP showed a curvilinear relationship with baseline age in men and women (Figure 2) , identical in those with and without the MetS, and women had a lower change per year than men, 0.25 mm Hg per year.
Mean DPP increased linearly with age in both men and women (Figure 2) at the same rate, independent of the presence of the MetS, at 0.48 mm Hg per year per 10-year difference from baseline age.
However, the yearly change was higher in men and women with the MetS than in those without.
For DSBP, the triglycerides and waist-size components of subjects with the MetS were the strongest contributors to the MetS, whereas for DDBP and DPP, the blood pressure and waist components were the strongest contributors. 
DISCUSSION
In this analysis of the DESIR study, which included 1308 men and 1325 women aged 30-65 years at baseline, we investigated the relationships between baseline age and SBP, DBP and PP as well as correlations with the rate of change in SBP, DBP and PP according to the presence or absence of the MetS. In this context, it has been well established that at around 55-60 years of age, SBP increases with age, whereas DBP tends to decrease, thus resulting in an increasing Figure 2 Mean yearly change in systolic blood pressure (DSBP), diastolic blood pressure (DDBP) and pulse pressure (DPP) according to baseline age and the absence/presence of the National Cholesterol Education Program-Adult (NCEP) metabolic syndrome (MetS) in men and women after adjusting for baseline blood pressure. The Data from an Epidemiologic Study on the Insulin Resistance syndrome (DESIR) study. Note that men and women with the syndrome have similar relationships between DPP and age with intercepts at À1.01 and À1.07, respectively. Note also that for DDBP, men with the syndrome have the same relationship as men without the syndrome, and the same is true for women. This relationship is demonstrated by the curves.
PP with age. [1] [2] [3] [4] [5] In a previous longitudinal study, we have shown that as early as 40-45 years, the yearly change in SBP and DBP is significantly modified. Although DSBP increased markedly and linearly with age, DDBP decreased in a curvilinear manner in both men and women. This longitudinal study shows that in the presence of the MetS, the yearly changes in SBP and PP are substantially higher at all baseline ages.
Blood pressure (SBP, DBP, MBP and PP) is always higher in people with the MetS in comparison with others, regardless of age and sex. However, in individuals with the MetS, although SBP and PP continue to increase with age, DBP is relatively constant. Surprisingly, women with the MetS had a higher PP than men with the MetS, a difference that increased with age; however, in those without the MetS, women had a lower PP at all ages when compared with men, but the mean PP was similar after 50 years.
In addition, in the presence or absence of the MetS, DSBP and DPP increased linearly with age, whereas DDBP showed a curvilinear relation with baseline age as early as 50 years in both men and women. In the presence of the MetS, there was a significant shift of DSBP toward higher values, whereas for DDBP, there was no difference in those with and without the MetS, resulting in higher values of DPP. Men and women with the MetS had an almost identical DPP with age, whereas for those without the syndrome, the DPP was 0.53 mm Hg per year in men, more than in women.
A limitation of this study is that mercury sphygmomanometers were used for the first two blood pressure measurements and an OMRON device was used for the subsequent two measurements. We verified that this change did not modify the hypertensive classification of the overall population, and our longitudinal study demonstrated results similar to those previously reported. 1, 5 The principal limitation of the investigation was the site used for blood pressure measurements: the brachial artery. 1 Brachial SBP must be considered a local parameter. As a consequence of the propagation of a pressure wave along the arterial tree and the presence of wave reflections, the brachial SBP is significantly higher than the central SBP, except in people above 50 years of age. [1] [2] [3] However, SBP at the brachial artery site is more reproducible than brachial DBP, which includes error due to its technical measurement. In contrast, DBP is nearly the same for the entire arterial tree. 8 Furthermore, in this study, we used an OMRON device that is known to predict CV risk very adequately. 6 Finally, we know that the brachial DBP satisfactorily reflects central DBP and may be considered an index of coronary perfusion pressure. 8, 9 This finding is of primary importance in the present study, which emphasizes the role of DBP and DDBP.
In this article, we have studied a very specific population: those who have never been treated with medications for hypertension. Thus, we studied the natural history of blood pressure. If we had included treatments, then the results could not have been interpreted so easily.
Our data show that although DSBP increased continuously with baseline age, beginning as early as 30-34 years of age, DDBP tended to increase until 50 years and then to decrease; hence DPP increased with age. Such changes are typical consequences of increased arterial stiffness. 3 In subjects with the MetS, this hemodynamic pattern is considerably accentuated, which is an expected result based on the accelerated progression of arterial stiffness with age and a finding also observed in people with the MetS. 10 Undoubtedly, in both men and women, the changes in DDBP predominate over those of SBP. We suggest that for DDBP, there is a balance between the increase in arterial stiffness, which tends to decrease DBP and DDBP, and several particularities of the MetS, which may tend to increase DBP and DDBP.
The most important characteristic of the MetS is an early and progressive inability of peripheral vascular networks to adequately perfuse skeletal muscle during periods of elevated metabolic activity. 10 Results of experimental and clinical studies indicate that nitric-oxidedependent stimuli and hypoxia, together with augmented constriction to a-adrenergic and myogenic stimuli, participate greatly in the observed changes. The resulting consequences include endothelial dysfunction, oxidative stress and inflammation. In the microvascular network, this process involves structural arteriolar changes and capillary rarefaction, which in turn are associated with an increase in both SBP and DBP. In the macrocirculation, a similar process accelerates arterial stiffness, which favors an increase in SBP but a decrease in DBP. Finally, in the MetS, DBP is the result of these two different mechanisms.
In conclusion, we have shown on the basis of DSBP, DDBP and DPP in the MetS, that vascular aging begins much earlier (45-50 years) than was believed in the past. This process helps to amplify the CV risk through progressive systolic and diastolic hypertension in individuals over 45 years of age. This new aspect of the MetS might modify clinical management, leading to earlier drug treatment, particularly in regard to two important disorders: endothelial dysfunction and increased arterial stiffness.
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